Introduction
Due to the current industrial age, many hazardous chemicals are discharged directly or indirectly into the environment, some of these chemicals are toxic and have a negative impact on human reproductive system 1 , predominantly through occupational or environmental exposures. The risk of Lead cytotoxic is believed to be proportional to the length of exposure and concentrations 2 . One of the oldest and harmful heavy metal with a broad spectrum of toxic effects to mankind is Lead. It came into use very early in the history of civilization 3 and the bulk of it finds its way into the environment through manufacturing of Lead-acid batteries, bullet, fuel, glass and ceramic wares. The toxicity of Lead to the male reproductive system was the first among metals to be demonstrated 4 . Report reveals a decreased lifespan of sperm and sperm count as well as decreased motility, which correlate with the level of Lead in the blood of Lead workers 4 . The reproductive consequence of acute or chronic exposure to Lead is severe and almost all parts of the reproductive system are vulnerable to Lead toxicity 5 . The exposure to Lead can occur by either ingestion or inhalation of contaminated water, food, air and other consumer products. Many studies reported that Lead has a broad range of toxic histological and biochemical effects, once it reaches the blood, it is transported throughout the body and deposited in organs such as the brain, kidney, liver, ovary and endocrine system 5 . Accumulated data suggest, there is a link between environmental pollutants caused by Lead and declining reproductive health 2, 5 . This supports the report of the possibility of the relationship of Lead and the significant increase in the occurrence of testicular cancer, especially prostate cancer in the 20th century, which could be correlated with the increase in male infertility 6 . Due to its wide usage in industries and domestics, Lead can be found in insecticides, water pipes, paints, the lining of equipment, petroleum products, bullets of 7 . Lead or its combined form is almost becoming inevitable in our homes and industries. We are therefore been exposed to Lead in various forms in our daily activities. For instance, Lead acetate is used in cosmetics for hair colouring products, and to create Lead acetate papers. It is commonly used industrially as an activation agent in the mining of sulfide ores. Human prolonged exposure to Lead present in hair-dye or in other cosmetics could be absorbed and increase and levels of Lead in the bloodstream 8 . The Centers for Disease Control and Prevention's (CDC's) considered the blood level of Lead toxicity as 10 μg/dL in children and requires urgent medical attention if it is equal or greater than the value 9, 10 . The cytotoxic effect of Lead to male animal's testes is mainly physiological and biochemical. Animal models have been used in a number of studies to observe the histological effect of Lead on testes of rat, mice and monkey. The toxic effect of Lead to the male gonad is still a controversial matter; whether the exposure to low dose of Lead at a short period arrest spermatogenesis or has no effect. The major testicular damage by Lead is caused by an induced oxidative stress. It was therefore recorded and also confirmed in this research that using antioxidant such as Gallic acid interferes with the reactive oxygen species (ROS) production and improves Lead toxicity 5 . An antioxidant such as Gallic acid helps to protect cells from oxidative damage and they have shown cytotoxicity against cancer cells 11, 12 . Gallic acid is an antioxidant and it occurs as a free molecule or sometimes as part of a tannin molecule. It had been documented to possess several biological activities such as; antibacterial, anti-inflammatory, antifungal and anti-viral characteristics 11, 13 . Gallic acid could be used in the treatment of albuminuria, diabetes and cancer 12 . Some ointments which are used to treat external haemorrhoids and psoriasis due to its astringent nature contain Gallic acid. Gallic acid could be used in making dyes and inks. Almost all plants contain Gallic acid even at low concentrations but some plants are known for their high Gallic acid content, such as; grapes, gallnuts, tea, oak bark and hop. In animal studies, Gallic acid can bring about vascular contractile responses and decrease vascular pressure in the thoracic aorta 14 . Gallic acid could be added to foods to scavenge free oxygen molecules and aid in lipid peroxidation through hydrolysis of tannic acid. In the present study, we investigated the effect of Lead acetate, Gallic acid and the joint action of the two on mouse spermatogonia and spermatocytes using in vivo study.
Statistical Analysis
The results were statistically analyzed by IBM SPSS Statistic 20 software. The data collected in this study were expressed as means±standard error (M±SE). Data correlation and distribution was analysed by Oneway analysis of variance (ANOVA) followed by Turkey multiple comparison tests. The differences of means between group were considered significant at P< 0.05.
Results

Body and Reproductive Organ
After administration of the test chemicals for 14 days, the total gained body weight of the rats did not show any significant difference between the induced rats and the control. The morphological examination of the male reproductive organ of the treated groups also did not show any significant differences compare to the control. In this study, the absolute and similar weight of organs of the induced rat and control groups was examined and compared. There was a slight increase in the weight of the testes of the induced rats, especially in groups administered with Lead acetate only. The relative weight of the organs in this group is also slightly higher than the others (Table 1) .
Lipid Peroxidation
The level of the content of Lipid Peroxidation products in a blood sample is one of the biochemical mark- Table 1 . Mean body weight, testes weight and organ weight obtained from albino rats.
Control n = 5
Lead acetate n = 5 Gallic acid n = 5 Gallic + Lead acetate n = 5 Table 2 ).
Total Protein Content
The level of protein in the sample was determined using the equivalent of bovine serum albumin (BSA) in the protein standard curve. The study shows that, there is a higher level of protein in the serum of the group induced with Lead acetate (464.82±68.01 mg/ mL BSA), followed by group induced with both Lead acetate and Gallic acid (320.16±17.15 mg/mL BSA). The level of protein in the serum is significantly lesser in the control (146.17±23.16 mg/mL BSA) and the group with Gallic acid only (311.05±51.5 mg/mL BSA) ( Table 2) .
Lactate Dehydrogenase (LDH)
The level of LDH products in the serum act as biochemical marker and hence the signals proteins in the 
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conversion of lactate to pyruvic acid and back in a reversible model (NAD + to NADH) can be quantified. The group of rats administered with Lead shows a high level of LDH in their serum (338.75±18.87 nmol min mL) followed by the group administered jointly with Lead and the antioxidant (153.22±31.39 nmol min mL). The level of LDH in the serum of the control group and group administered with Gallic acid only is 123.69± 36.14 nmol min mL and 119.70±13.91 nmol min mL respectively which are slightly significantly different (Table 2 ).
Histological Assessment of the Testes
The photomicrograph of rat's testicular tissue showed the seminiferous tubules were of different planes and having a distinct boundary separated by the interstitium. The convoluted tubules were lined by spermatogenic cell series at various stages of maturation with the most primitive of the germ cells close to the basement membrane while the spermatozoa projected to the tubular Lumina. The testes morphology structure reveals, there was an aberration in the control group and the induced rats. There was partial regress in the spermatogenic cells of the group B and D (Lead induced rats) compare to other groups. In the control and Gallic acid group, there are quite a number of active Leydig cells which indicate higher chances of fertility (Figure 1 ). There was significant change observed in the morphology of the sperm of the experimental groups ( Figure  2 ). This change was more pronounced in the structure of the tail and the head of the sperm. The section of the testes fixed on the glass slide was thoroughly examined, a total number of matured sperm sighted was counted and the percentage defect of head and tail was evaluated. The abnormalities observed in the sperm of the experimental rats were significant (Figure 2 ).
Discussion
Whenever there is Lead poisoning or pollution, the male reproductive system could be the target in which the process of spermatogenesis and the sperm produced within the epididymis is truncated. The toxicity of Lead in the environment has been a major concern for years as this chemical is majorly discharged through chemical companies and mining. The exact mechanism of Lead-induced toxicity is fully not understood, as there has been a record showing a linkage between oxidative stress and Lead toxicity. When Lead is administered the mechanism involved in distorting testes spermatogenesis involves the oxidative stress ions that cause depletion of ROS scavengers, lipid peroxidation and reduction of reproductive system antioxidant enzyme activities 15 .
The results of the analysis revealed that the rats administered with Lead acetate only and a combine of Lead acetate and Gallic acid showed a slight increase in total body weights and organs compared to the control group. However, there was a slight decrease in the body weights of the rats administered with the antioxidant (Gallic acid), compared to the control. This shows that intake of Lead acetate either in combine state or alone increases the body weights and organ of the rats while the antioxidant reduces the body weights. This could be due to the ability of Lead to increase oxidative stress and the ability of the antioxidant to scavenge free radicals and reduces oxidative stress 11 . The resultant of the joint action of Gallic acid and Lead acetate is, therefore, an antagonistic metabolism. Although antioxidants are yet to be proven to have a direct effect on weight loss, there have been reports on foods that contain antioxidants, are good for weight loss. MartinezSaez et al. (2014) , confirmed using the free-living nematode Caenorhabditis elegans through an in vivo studies, that there was a reduction of body weight when nematode was administered with an antioxidant 16 . In the study, the exposure of the rats to Lead is proportional to the level of stress biomarker found in their testes. The level of exposure determines the level of antioxidant enzymes in the serum which was measured by MDA. The content of MDA is a product of peroxidized polyunsaturated fatty acids which is an indication of lipid peroxidation. There was a correlation of lipid peroxidation to the level of oxidative stress caused by Lead acetate exposure in the serum of the experimental rats, which was supported by Adebayo Kehinde and Ayoola Isaac, (2014) and Hassan and Alam (2014).
A significant increase was observed in the level of LDH in the rats administered with Lead acetate and its combination with Gallic acid compare to the control while there was no significant difference in LDH between control and Gallic acid only group. The increase in the level of LDH in group B and D could have been due to oxidative stress.
From the histological slides in Figure 1 , the photomicrograph of the normal testicular tissue showed the seminiferous tubules cut in different planes have a distinct boundary and separated by the interstitium. The convoluted tubules were lined by spermatogenic cell series at various stages of maturation with the most primitive of the germ cells are close to the basement membrane while the spermatozoa are projected to the tubular Lumina. The histopathology result of the testes of a group of rat administered with Lead only and Lead combined with Gallic acid revealed that the percentage of normal spermatozoa is quite reduced (Figure 2 ) compare to the control and Gallic acid only group, which conform with previous findings on the effect of Lead on male infertility 3 .
Conclusion
The result of this study established the effect of Lead and Gallic acid on the reproductive organ of male rats. The male rats treated with Lead acetate only, Lead and Gallic acid shows significant degeneration in seminiferous tubules and the spermatogenesis was disrupted causing some morphological disorders in some sperm after an exposure period of 14 days. It was deduced from the research that Leads has a wide spectrum of toxicity on the male reproductive system and reproductive hormones. In the research, it was confirmed, Gallic acid attenuates the effect of the Lead on the reproductive system of the rats which may be due to its ability to reduce oxidative stress caused by the increases in free radicals in testicular tissue in a Lead-exposed male gonad. It is therefore recommended that more research is required on the use of an antioxidant to alleviate the effect of Lead-exposed male individual particularly in the area of occupational exposure in areas of chemicals and mining industries where vulnerability to Lead is high.
Materials and Methods
Collection of Animals
Twenty albino rats of Wistar strain with a mean weight of 130.0±25.0 g were used in this research. The rats were obtained from the department of veterinary medicine, University of Ibadan, Oyo state. The animals were housed in hutches, fed on a standard pellet diet (pellet was gotten from Ladoke animal care, Ibadan, Nigeria) and water ad libitum. Rats were housed in polypropylene cages that allow free movement and the bedding is made of paddy husk material. They were acclimatized for two weeks under controlled optimum environmental condition and illumination (photoperiod: 12 h light and 12 h dark; temperature 25±2ºC; relative humidity 50±10%).
Test Chemicals and Reagents
Diethyl ether, Hydrochloric acid (HCL), Trichloroacetic acid (TCA), Thiobarbituric acid (TBA), Sodium hydroxide (NaOH), Lead acetate, Folin-Ciocalteus phenol reagent, Bovine Serum Albumin (BSA), Sodium Carbonate (Na 2 CO 3 ), Sodium-potassium Tartrate, Copper Sulphate (CuSO 4 ). The chemicals and reagents used during the experiment were of analytical grade.
Experimental Design
The rats (male) were divided randomly into four groups of 5 animals each in a cage (A, B, C and D). Group A (Control rat): was injected with normal saline intraperitoneally. Group B (Lead acetate only): was treated with Lead acetate orally. Group C (Gallic only): was administered with Gallic acid intraperitoneally. Group D (Gallic acid and Lead acetate): were administered Gallic acid intraperitoneally and Lead acetate orally. All experiments were conducted in strict accordance with the guidelines for the care and use of laboratory animals (National Research Council 1996) and the methodology was approved by the Institutional Animal Ethical Committee of Olabisi Onabanjo University.
Prior to the induction of the rats with the experiment chemicals, the rats were fed with pellet chows, given water ad libitum and their weights were monitored every day for 21 days. At day 22; Group A were intraperitoneally administered with normal saline. Group B was administered 60 mg/kg body weight of Lead acetate solution, orally according to 17 . Group C was intraperitoneally administered 50 mg/kg body weight of Gallic acid 18 . Group D was administered Gallic acid intraperitoneally and Lead acetate orally. At day 35, from starting of the experiment, all rats from four experimental groups (n = 20) were sacrifice under urethane anaesthesia by cervical dislocation and animals were examined of the impact of test chemicals.
Sample Collection and Blood Biochemistry Analysis
The blood of the rats was collected, they were dis-sected and organs were collected and weighted (absolute and relative to body weight). Relative organ weight was expressed as organ weight (mg) per body weight (g). Blood was collected from the heart by cardiac puncture using 1 mL syringe and needle and then inserted into labelled heparinized tubes to prevent clotting. Blood was further spin at 4000 rpm for 10 minutes to separate the serum and aliquot of the serum supernatant was collected into microcentrifuge tubes and stored immediately at -80°C until it was used for analysis. The organs of each rat were carefully removed, placed on a chilled Petri-dish and weighed on the electronic weighing scale. Organs extracted at necropsy are heart, kidney, liver, pancreas and testes.
Preparation of Testes Homogenate
A measure of 0.5 g of each tested animal testes was collected and homogenized using pestle and mortal under control and cold temperature (4°C) with 5 mL of (0.2 M) phosphate buffer of PH 7.4. The homogenate was centrifuged at 400 rpm for 10 min after which the supernatant was removed with dropping pipette inside plain tubes and kept frozen in ice until it is required for analyses.
Lipid Peroxidation Assay (MDA level)
The content of lipid peroxidation (LP) was measured spectrophotometrically using the thiobarbituric acidreaction substance (TBARS) method as described by Varshney and Kale (1990) and Kobyliak et al. (2015) , with modification 19, 20 . The level of lipid peroxidation was estimated by its reaction with thiobarbituric acid-reactive substances (TBA-reactive substances) and it was expressed in terms of malondialdehyde (MDA) formed per mg protein. An aliquot volume of 0.2 mL of testes homogenate was added to 2.8 mL of the Tris Buffer KCl (TBK, pH 7.4), followed by 0.75 mL of 30% trichloroacetic acid (TCA). Thereafter, 0.75 mL of 0.75% thiobarbituric acid (TBA) was added and the mixture was placed in a water bath for 45 min at 80°C. The mixture was cooled in ice and centrifuged for 10 min at 4000 rpm. The absorbance of an aliquot of cleared supernatant was measured against a reference blank of distilled water at an absorbance of 531.87 nm and final lipid peroxidation products were measured spectrophotometrically. The level of MDA formed per mg protein was calculated by;
MDA (Units/mg protein) 
Total Protein Assay
The testes protein content of the rats was determined by the procedure of Lowry et al. (1951) with modification, using bovine serum albumin (BSA) as standard 21 . A standard protein calibrated curved was plotted using the mean absorbance of varying concentration of the standard on the y-axis against the protein content on the xaxis in mg/mL BSA and the curve was used to extrapolate the test samples in mg/mL BSA after a spectrophotometric reading was taken. A volume of 20 μL of testes homogenate was pipetted into a test tube containing 600 μL of distilled water. The tubes were added 3 mL of alkaline copper solution (50 mL of 2% Na 2 CO 3 in 0.1 M NaOH, 0.5 mL of 2% sodium potassium tartrate, 0.5 mL of 1% copper sulphate) and the mixture was vortexed. The mixture was allowed to stand for 10 min at room temperature after which 0.3 mL of Folin-ciocalteau reagent was added and rapidly mixed. The mixture was incubated at a room temperature for another 30 minutes and the absorbance was taken at 750 nm using a spectrophotometer. The protein content was interpolated from the protein calibrated curve. R 2 = 0.9455, y = 0.00056x + 0.1175.
Lactate Dehydrogenase (LDH) Assay
Total LDH in the serum of the experimental rats was determined as described 22 with modification. A working reagent was prepared by mixing pyruvate buffer and NADH in ratio 4 : 1 and mixture was vortex thoroughly. A volume of 10 μL of the serum was added to 1000 μL of the working reagent (a mixture of pyruvate buffer and NADH), mixed and absorbance was read after a total of 120 s. The procedure was repeated and readings were taken four times in the interval of 30 s up to 120 s at 340 nm wavelength. The conversation of pyruvate to lactate is catalyzed by LDH with simultaneous oxidation that reduces NADH to NAD. The rate of decrease in absorbance due to the formation of NAD was measured using a spectrophotometer at 340 nm wavelength and it is proportional to the LDH activity in the sample. The mean absorbance change per minute was thereafter determined (∆A/minute). Activities of LDH in the test samples was extrapolated.
Histological Analysis of Testes
The transverse section of the right testes was cut from the central part and fixed in 10% neutral formalin solution. The sections were dehydrated in a series of 70-100% ethanol and subsequently stained using hematoxylin and eosin (H&E). The samples were thereafter examined on a light microscope (Olympus Optical Co.
Ltd., Tokyo, Japan) and the photomicrographs were taken.
